INTRODUCTION
============

A busy emergency department (ED) is a challenging site for collecting data for prospective clinical trials. Frequently, treating physicians are asked to enroll eligible patients and complete structured data forms, a time-consuming process that can interfere with clinical responsibilities. Research assistants (RAs) without formal medical training \[e.g., undergraduate and post-baccalaureate students\] have been used to assist in this process by identifying eligible patients, obtaining consent, documenting demographic information on standard data forms, and assisting with other data collection and management.[@b1-0100030]--[@b3-0100030]

Historical and physical examination features remain the basis for decision making about work-up and treatment of patients with acute abdominal pain; therefore, they are usually considered to be essential variables in research on this topic. Several studies have suggested that historical information obtained by medical providers may have significant inter-observer variability. In one such study, information recorded on standardized data sheets in a cohort of stroke patients revealed significant discrepancies in historical elements taken by six neurologists.[@b4-0100030] In a study of chest pain patients, the historical features documented by nurse practitioners were less typical of angina pectoris compared to those documented by physicians after interviewing the same patients.[@b5-0100030] These studies highlight the importance of assessing the reliability of the data- collection instrument as an integral part of the research project.

No study to date has examined the reliability of the non-medical RAs in obtaining historical information for research. We designed and piloted a survey instrument containing standard, simple historical questions about abdominal pain. We hypothesized that non-medical RAs can reliably use this questionnaire and be at least as accurate as resident physicians (RPs) in obtaining historical information from patients with acute abdominal pain.

METHODS
=======

Study Design
------------

We conducted a prospective comparative study to evaluate the reliability of the historical features obtained from ED patients with abdominal pain using a standard questionnaire administered by RAs compared to RPs. Our Institutional Committee on Research involving Human Subjects at the University of Pennsylvania approved the study. Informed consent was obtained from all subjects.

Study Setting and Population
----------------------------

This study was conducted at an urban university hospital ED with a annual census of approximately 55,000 visits. Adult patients with acute abdominal pain were enrolled from April 6 to 22, 2007. A survey instrument with questions about historical features was completed independently for each patient by a RA and a RP. RAs are undergraduate and post-baccalaureate students enrolled in the Academic Associate Program,[@b3-0100030], [@b6-0100030] a structured class at the University of Pennsylvania for which course credit is given. Students are responsible for attending research-related classes and working shifts in the ED during which they identify and enroll eligible patients for research projects, and in the current study, obtain historical information about patients with acute abdominal pain.

Study Protocol and Measurements
-------------------------------

From 7 AM-midnight, seven days per week, the RAs identified and enrolled patients 18 years of age or older who presented with non-traumatic abdominal pain of less than 72 hours duration. Patients were excluded if they were pregnant, or if within the previous seven days they had sustained abdominal trauma or had an abdominal surgical procedure. A standardized questionnaire was completed independently by the RA and RP caring for the patient within 20 minutes of each other. The time of assessment was recorded on the data forms. Discrepancies between the two forms were resolved by a third person (RA) who was coached to specifically ask the patient: "we did not have a clear understanding of your answer to this question ... \[question repeated\]," thus allowing patients to use either of their previous responses. This form was used as the "criterion standard." Formal training sessions were provided to the RAs teaching them open-ended and neutral questioning techniques most likely to avoid influencing respondents.

Data Analysis
-------------

Descriptive data are presented as means ± standard deviation, frequencies, and percentages. Cohen's kappa (κ) statistic and percent crude agreement (CrA), both with 95% confidence intervals (95% CIs), were used to measure inter-rater reliability. As described elsewhere, κ values range between 0 (chance agreement) and 1.00 (complete agreement); κ \<0.2 represents poor agreement, 0.21--0.40 fair agreement, 0.41--0.60 moderate agreement, 0.61--0.80 good agreement, and 0.81--1.00 excellent agreement.[@b7-0100030] To summarize specific types of questions (e.g., past medical history) we present the median kappa values with interquartile ranges (IQRs). Data were analyzed using SAS statistical software (Version 9.1, SAS Institute, Cary, NC) and StatXact (Version 6.1, Cytel Software Corporation, Cambridge, MA).

RESULTS
=======

Sixty-five patients with acute abdominal pain were surveyed by 29 RAs and 32 RPs. The median age of the abdominal pain patients was 43 years; 77% were female and 54% black. There were 49 variables, of which 43 were dichotomized responses. The remaining six historical variables were related to times (e.g. when was the last time you vomited), which proved highly variable and not easily dichotomized. These were excluded. Therefore, there were 2754 comparisons (some variables had fewer comparisons and some were restricted by gender), of which there were 458 discrepancies between RP and RA (17%).

Inter-rater reliability measures for all historical variables are listed in [Table 1](#t1-0100030){ref-type="table"}. Overall, the median agreement was moderate (κ 0.59 \[IQR 0.37--0.69\]; CrA 85.9%) but varied across data categories: initial pain location (κ 0.61 \[IQR 0.59--0.73\]; CrA 87.7%), current pain location (κ 0.60 \[IQR 0.47--0.67\]; CrA 82.8%), past medical history (κ 0.60 \[IQR 0.48--0.74\]; CrA 93.8%), associated symptoms (κ 0.38 \[IQR 0.37--0.74\]; CrA 87.7%), and aggravating/alleviating factors (κ 0.09 \[IQR −0.01--0.21\]; CrA 61.5%).

Overall, crude agreement for both groups was above 80% in all but one of the five general categories ([Figure 1](#f1-0100030){ref-type="fig"}). Of the 458 discordant results between the RP and RA, criterion standard was available for 429 (94%). Of these disagreements, the RA more often agreed with the criterion standard (N=274, 64% \[55%--71%\] compared with the RP (N=155, 36% \[29--45%\]. (See [Table 2](#t2-0100030){ref-type="table"}.)

DISCUSSION
==========

This study explores the inter-rater reliability of historical features obtained by RAs and RPs using a standard questionnaire in the evaluation of abdominal pain. We found an overall moderate agreement between RAs and RPs for 43 historical variables. There was good agreement for initial pain location and moderate agreement for current pain location and past medical history. For associated symptoms, there was fair agreement using the kappa statistic with a crude agreement of 88%. The poorest agreement was found for aggravating and alleviating factors in which information obtained by both groups of investigators was correct only 62% of the time. The mathematical properties of the κ statistic determine that low rates of discrepancy in infrequent clinical findings will result in lower κ scores than the same rate in common ones. This may have resulted in the wide range of alleviating and aggravating factors, any one of which is encountered relatively infrequently, appearing to result in lower κ scores.

Our results are consistent with prior studies of inter-rater reliability of physicians obtaining historical features, showing fair to excellent agreement (κrange 0.27--0.89) in hospitalized chest pain patients,[@b8-0100030] fair to good agreement (κ range 0.37--0.69) in suspected stroke patients,[@b9-0100030] and good agreement (κ range 0.58--0.71) in patients with suspected osteoarthritis.[@b10-0100030] The current study also supports the findings of reports in which non-physician army medical practitioners demonstrated good overall agreement compared to physicians in the assessment of upper respiratory infection.[@b11-0100030], [@b12-0100030] Specific to abdominal pain, our results were also consistent with those of a recent study comparing pediatric emergency physicians with surgeons in the evaluation of appendicitis in children showing fair to excellent agreement (κ range 0.33--0.82) for historical questions.[@b13-0100030]

Accurate data collection is an essential component of high quality clinical research. Prospectively collected data is generally considered to be of higher quality than data collected retrospectively or through chart abstraction. In many prospective studies conducted in the ED, the treating physician is asked to record subjects' clinical data. This process may be cumbersome and time consuming. It may also be distracting or interfere with the physicians' other responsibilities or create a fundamental conflict between the physician's role as care provider and as researcher. To date, this is the first study to compare the ability of RAs with no formal medical training to RPs in obtaining historical information for research purposes. If, as the current study suggests, non-medical research assistants can obtain historical information about ED patients' acute abdominal pain that is as accurate or more accurate than that obtained by the treating physician, the burden of data collection may be lifted from the treating physician, allowing it to be obtained and recorded in a less hurried and more meticulous manner. This may result in higher quality medical research on this topic in the ED setting.

LIMITATIONS
===========

As this study was conducted in a single institution with an established Academic Associate Program, our results may not be generalizable to other practice settings. Under-enrollment of patients evaluated in the overnight hours, the most acutely ill patients, and patients who did not consent to participate in the study may have caused some selection bias. The authors do not know of any "gold standard" available to be certain that patient responses to historical items are accurate. As such, this study design was our best attempt to study accuracy and inter-rater reliability in obtaining historical data for patients with abdominal pain. It is possible that patients may have been prompted into providing answers that were consistent with one of their prior responses when being interviewed by the third person for the "criterion standard" form. It is also possible that the third-person interviewer might have had a tendency to "coach" respondents to resolve discrepancies in a way that supported the data obtained by the first RA. Neither RAs nor RPs were blinded to the purpose of the study, which may have biased our results.

CONCLUSION
==========

Non-medical research assistants focused on clinical research are often more accurate than physicians, who may be distracted by patient care responsibilities, at obtaining data for clinical research. They can reliably use a standardized data collection sheet to obtain historical information from patients who present to the ED with acute abdominal pain.
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###### 

Kappa statistics and crude agreement for abdominal pain characteristics

  Characteristics                        Kappa                       95% CI                    Crude agreement   95% CI           
  -------------------------------------- --------------------------- ------------------------- ----------------- -------- ------- --------
  **Initial pain location**                                                                                                       
  Pain start RUQ\*                       0.73                        0.54                      0.92              89.2%    79.1%   95.6%
  Pain start LUQ\*                       0.61                        0.40                      0.82              83.1%    71.7%   91.2%
  Pain start RLQ\*                       0.60                        0.41                      0.79              80.0%    69.1%   89.2%
  Pain start LLQ\*                       0.57                        0.37                      0.77              78.5%    66.5%   87.7%
  Pain start epigastrium                 0.77                        0.57                      0.96              92.3%    83.0%   97.5%
  Pain start both lower quadrants        0.79                        0.64                      0.95              90.8%    81.0%   96.5%
  Pain start diffuse                     0.66                        0.39                      0.94              92.3%    83.0%   97.5%
  Pain start right flank                 0.23                        −0.04                     0.50              80.0%    69.1%   89.2%
  Pain start left flank                  0.59                        0.34                      0.85              87.7%    77.2%   94.5%
  **Median and IQR\***                   **0.61 (0.59--0.73)**       **87.7% (80.0--90.8%)**                                      
  **Current pain location**                                                                                                       
  Pain now RUQ                           0.673                       0.482                     0.864             85.9%    75.0%   93.4%
  Pain now LUQ                           0.602                       0.401                     0.802             81.3%    69.5%   69.5%
  Pain now RLQ                           0.594                       0.398                     0.790             79.7%    67.8%   88.7%
  Pain now LLQ                           0.466                       0.248                     0.683             73.4%    60.9%   83.7%
  Pain now epigastrium                   0.656                       0.442                     0.870             87.5%    76.9%   94.5%
  Pain now both lower quadrants          0.692                       0.508                     0.877             85.9%    75.0%   93.4%
  Pain now diffuse                       0.744                       0.508                     0.979             93.8%    84.8%   98.3%
  Pain now right flank                   0.455                       0.184                     0.726             82.8%    71.3%   91.1%
  Pain now left flank                    0.301                       0.009                     0.592             81.3%    69.5%   69.5%
  **Median and IQR**                     **0.60 (0.47--0.67)**       **61.5% (53.1--67.0%)**                                      
  **Aggravating/alleviating symptoms**                                                                                            
  Pain ever gone                         0.237                       −0.010                    0.480             68.3%    55.3%   79.4%
  Eating aggravating                     0.130                       −0.050                    0.310             50.8%    38.1%   63.4%
  Urinating aggravating                  0.040                       −0.160                    0.240             76.9%    64.8%   86.5%
  Coughing aggravating                   0.310                       0.090                     0.520             63.1%    50.2%   74.7%
  Antacid alleviating                    −0.050                      −0.270                    0.160             41.5%    29.4%   54.4%
  Eating alleviating                     −0.020                      −0.200                    0.160             60.0%    47.1%   72.0%
  **Median and IQR**                     **0.09(**−**0.01--0.21)**   **61.5% (53.1--67.0%)**                                      
  **Associated symptoms**                                                                                                         
  Vomiting                               0.740                       0.570                     0.900             87.7%    77.2%   94.5%
  Diarrhea                               0.780                       0.600                     0.960             92.3%    83.0%   97.5%
  Dysuria                                NC\*                                                                    96.9%    89.3%   99.6%
  Pass gas                               0.160                       −0.090                    0.400             60.0%    47.1%   72.0%
  Fever                                  0.380                       0.150                     0.610             73.8%    61.5%   84.0%
  Vaginal discharge                      NC\*                                                                    96.0%    86.3%   99.5%
  Vaginal bleeding                       0.370                       −0.190                    0.930             94.0%    83.5%   98.8%
  **Median and IQR**                     **0.38 (0.37--0.74)**       **87.7% (73.8--93.2%)**                                      
  **Past Medical History**                                                                                                        
  HX\* Abdominal surgery                 0.690                       0.520                     0.870             84.6%    73.5%   92.4%
  HX Gallstones                          0.580                       0.260                     0.900             92.3%    83.0%   97.5%
  HX Liver Disease                       0.500                       0.130                     0.880             92.3%    83.0%   97.5%
  HX Pancreatitis                        1.000                       1.000                     1.000             100.0%   94.5%   100.0%
  HX Inflammatory bowel disease          1.000                       1.000                     1.000             100.0%   94.5%   100.0%
  HX Irritable bowel syndrome            0.420                       0.020                     0.820             92.3%    83.0%   97.5%
  HX Diverticulitis                      0.550                       0.090                     1.000             95.4%    87.1%   99.0%
  HX GERD\*                              0.210                       0.000                     0.420             72.3%    59.8%   82.7%
  HX Kidney stones                       0.610                       0.390                     0.830             86.2%    75.3%   93.5%
  HX Cancer                              0.870                       0.700                     1.000             96.9%    89.3%   99.6%
  HX Diabetes                            0.700                       0.390                     1.000             95.4%    87.1%   99.0%
  HX CAD\*                               0.380                       −0.180                    0.930             95.4%    87.1%   99.0%
  **Median and IQR**                     **0.60 (0.48--0.74)**       **93.8% (85.9--95.8%)**                                      
  **Overall Median**                     **0.59 (0.37--0.69)**       **85.9% (77.7--92.3%)**                                      

*RUQ,* right upper quadrant; *LUQ,* left upper quadrant; *RLQ,* right lower quadrant; *LLQ,* left lower quadrant; *IQR,* interquartile range; *NC,* not calculable; *HX,* history; *GERD,* gastroesophageal reflux disease;*CAD,* coronary artery disease.

###### 

Accuracy amongst discordant pairs compared to criterion standard

  Characteristics                        Number discordant pairs   %RA correct               %RP correct
  -------------------------------------- ------------------------- ------------------------- -------------------------
  **Initial pain location**                                                                  
  Pain start RUQ\*                       7                         71.4%                     28.6%
  Pain start LUQ\*                       11                        63.6%                     36.4%
  Pain start RLQ\*                       12                        50.0%                     50.0%
  Pain start LLQ\*                       14                        57.1%                     42.9%
  Pain start epigastrium                 5                         100.0%                    0.0%
  Pain start both lower quadrants        6                         50.0%                     50.0%
  Pain start diffuse                     5                         60.0%                     40.0%
  Pain start right flank                 13                        76.9%                     23.1%
  Pain start left flank                  8                         75.0%                     25.0%
  **Median and IQR\***                                             **63.6% (57.1--75.0%)**   **36.4% (25.0--42.9%)**
  **Current pain location**                                                                  
  Pain now RUQ                           8                         37.5%                     62.5%
  Pain now LUQ                           11                        45.5%                     54.5%
  Pain now RLQ                           13                        53.8%                     46.2%
  Pain now LLQ                           16                        56.3%                     43.8%
  Pain now epigastrium                   7                         42.9%                     57.1%
  Pain now both lower quadrants          8                         75.0%                     25.0%
  Pain now diffuse                       3                         66.7%                     33.3%
  Pain now right flank                   10                        60.0%                     40.0%
  Pain now left flank                    12                        66.7%                     33.3%
  **Median and IQR**                                               **56.3% (45.5--66.7%)**   **43.8% (33.3--54.5%)**
  **Aggravating/alleviating symptoms**                                                       
  Pain ever gone                         19                        63.2%                     36.8%
  Eating aggravating                     27                        74.1%                     25.9%
  Urinating aggravating                  14                        64.3%                     35.7%
  Coughing aggravating                   21                        71.4%                     28.6%
  Antacid alleviating                    36                        63.9%                     36.1%
  Eating alleviating                     21                        66.7%                     33.3%
  **Median and IQR**                                               **65.6% (64.0--70.2%)**   **34.5% (29.8--36.0%)**
  **Associated symptoms**                                                                    
  Vomiting                               7                         71.4%                     28.6%
  Diarrhea                               5                         60.0%                     40.0%
  Dysuria                                2                         100.0%                    0.0%
  Pass gas                               26                        65.4%                     34.6%
  Fever                                  17                        41.2%                     58.8%
  Vaginal discharge                      2                         50.0%                     50.0%
  Vaginal bleeding                       3                         66.7%                     33.3%
  **Median and IQR**                                               **65.4% (55.0--69.0%)**   **34.6% (31.0--45.0%)**
  **Past Medical History**                                                                   
  HX\* Abdominal surgery                 9                         55.6%                     44.4%
  HX Gallstones                          5                         60.0%                     40.0%
  HX Liver Disease                       5                         100.0%                    0.0%
  HX Pancreatitis                        0                         no discordant pairs       no discordant pairs
  HX Inflammatory bowel disease          0                         no discordant pairs       no discordant pairs
  HX Irritable bowel syndrome            4                         100.0%                    0.0%
  HX Diverticulitis                      3                         0.0%                      100.0%
  HX GERD\*                              17                        64.7%                     35.3%
  HX Kidney stones                       9                         77.8%                     22.2%
  HX Cancer                              2                         50.0%                     50.0%
  HX Diabetes                            3                         100.0%                    0.0%
  HX CAD\*                               3                         100.0%                    0.0%
  **Median and IQR**                                               **62.4% (54.2--83.3%)**   **37.6% (16.7--45.8%)**
  **Overall Median**                                               **63.9% (54.7--71.4%)**   **36.1% (28.6--45.3%)**

*RUQ,* right upper quadrant; *LUQ,* left upper quadrant; *RLQ,* right lower quadrant; *LLQ,* left lower quadrant; *IQR,* interquartile range; *NC,* not calculable; *HX,* history; *GERD,* gastroesophageal reflux disease;*CAD,* coronary artery disease.
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